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(54) Angular velocity sensor 

(57) An angular velocity sensor includes: a board 
(1) in the form of a flat plate; a rotational vibrator (4) 
extended to the right and left from a central axis (01 - 
01) vertical to the board (1) at the center of rotational 
vibration over the board (1) and supported at the loca- 
tion of the central axis (01 - 01) by rotational supporting 
beams (5, 7) so as to be rotationally vibrated; a first 
vibrator (6) located on the left side of the rotational 
vibrator (4) and supported by first supporting beams (5); 
a second vibrator (8) located on the right side of the 
rotational vibrator (4) and supported by second support- 
ing beams (7); a rotational vibration generator (12A - D) 
for vibrating the second vibrator (8) backward and for- 
ward when the first vibrator (6> is vibrated forward and 
backward by giving rotational vibration to the rotational 



vibrator (4); a first displacement detector (16L, 16R) for 
detecting displacement of the first vibrator (6) vibrated 
to the right and left when an angular velocity is applied 
around the central axis (01 - 01) of the rotational vibrator 
(4) in the state that rotational vibration is given to the 
rotational vibrator (4) by the rotational vibration genera- 
tor (12A - D); and a second displacement detector (20L, 
20R) for detecting displacement of the second vibrator 
(8) vibrated to the right and left when an angular velocity 
is applied around the central axis (01 - 01) of the rota- 
tional vibrator (4) in the state that rotational vibration is 
given to the rotational vibrator (4) by the rotational vibra- 
tion generator (12A - D). 
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Description 

BACKGROUND OF THE INVENTION 
s 1. Field of the Invention 

[0001] The present invention relates to an angular velocity sensor used to detect an angular velocity acting on, for 
example, a moving object, such as a rotor, etc. 

10 2. Description of the Related Art 

[0002] In general, an angular velocity sensor of conventional technology as described in Japanese Unexamined Pat- 
ent Publication No. 5-312576 and other publications is known. 

[0003] The angular velocity sensor described in this Japanese Unexamined Patent Publication No. 5-312576 is in 
15 substance composed of a board, first and second vibrators, vibration generating means, and displacement detecting 
means. 

[0004] The first vibrator is supported on the board through first supporting beams and arranged so as to be vibrated 
in the direction of a first axis horizontal to the board. Further, the second vibrator is supported on the first vibrator 
through second supporting beams and arranged so as to be vibrated in the direction of a second axis at a right angle 

so to the direction of the first axis and horizontal to the board. Because of this, the second vibrator is able to be vibrated in 
the direction of the first and second axes in the state that the second vibrator is kept horizontal to the board. 
[0005] Further, the vibration generating means provides vibration in the direction of the first axis to the first vibrator. 
In this state, when an angular velocity is applied around a third axis at right angles to the first and second axes, that is, 
a rotational axis vertical to the board, the second vibrator is displaced in the direction of the second axis by a Coriolis 

25 force in proportion to the angular velocity. Because of this, the displacement detecting means detects a displacement 
of the second vibrator in the direction of the second axis to detect the angular velocity. 

[0006] In the above angular velocity sensor of conventional technology, when acceleration is applied in the direction 
of the second axis, the second vibrator is displaced in the direction of the second axis by the acceleration. At this time, 
the displacement detecting means also detects the displacement of the second vibrator by such acceleration as the dis- 
30 placement caused by an angular velocity. That is, even if the whole sensor is not rotated around the third axis vertical 
to the board, the angular velocity detecting means detects the displacement of the second vibrator when acceleration 
is applied in the direction of the second axis. 

[0007] In this way, when acceleration is applied in the direction of the second axis, because the displacement of the 
second vibrator produced by the acceleration is added as noise, there is a problem that the detection accuracy of angu- 
35 lar velocity is degraded. 

SUMMARY OF THE INVENTION 

[0008] The present invention can solve the problem associated with the above-mentioned conventional technology, 
40 and provides an angular velocity sensor which is able to detect an angular velocity applied around the third axis even if 
acceleration has been applied in the direction of the second axis. 

[0009] The angular velocity sensor comprises: a board in the form of a flat plate; a rotational vibrator extended to the 
right and left from the central axis vertical to the board as the center of rotational vibration over the board and supported 
at the location of the central axis by rotational supporting beams so as to be rotationally vibrated; a first vibrator located 

45 on a right side of the rotational vibrator and supported by first supporting beams, a second vibrator located on the left 
side of the rotational vibrator and supported by second supporting beams; rotational vibration generating means for 
vibrating the second vibrator backward and forward when the first vibrator is vibrated forward and backward by giving 
rotational vibration to the rotational vibrator; a first displacement detector for detecting a displacement of the first vibra- 
tor vibrated to the right and left when an angular velocity is applied around the central axis of the rotational vibrator in 

so the state that rotational vibration is given to the rotational vibrator by the rotational vibration generating means, and a 
second displacement detector for detecting displacement of the second vibrator vibrated to the right and left when an 
angular velocity is applied around the central axis of the rotational vibrator in the state that rotational vibration is given 
to the rotational vibrator by the rotational vibration generating means. 

[001 0] As thus constructed, when the rotational vibration generating means gives rotational vibration to the rotational 
55 vibrator over the board and makes the first vibrator vibrate backward and forward, the second vibrator is vibrated for- 
ward and backward. And an angular velocity is applied to the whole sensor around the rotational axis of the rotational 
vibrator in the state that rotational vibration is given to the rotational vibrator, a Coriolis force in proportion to the angular 
velocity acts on the first and second vibrators. At this time, as the first vibrator is vibrated backward and forward and the 
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second vibrator is vibrated forward and backward, the Coriolis force acting on the first and second vibrators is in 
reverse, and the first and second vibrators are vibrated symmetrical to the right and left with respect to the central axis 
of the rotational vibrator. That is, when the first vibrator is displaced toward one side to the right and left, the second 
vibrator is displaced toward the other side to the right and left. 
5 [001 1 ] And when a displacement of the first vibrator is detected by the first displacement detector, a displacement of 
the second vibrator toward the other side is detected by the second displacement detector. Because of this, by using 
signals from the first and second displacement detector, the angular velocity applied to the whole sensor is able to be 
detected. 

[001 2] More, when acceleration toward one side to the right and left is applied to the whole sensor, the first and sec- 
10 ond vibrators are made to be displaced toward the other side to the right and left by this acceleration because of the 
inertia of the first and second vibrators. In this state, if an angular velocity around the central axis of the rotational vibra- 
tor is applied to the whole sensor, for example, the displacement to the right and left of the first vibrator is increased, 
and the displacement of the first vibrator is made equal to the addition of the displacement due to angular velocity and 
the displacement due to acceleration. On the other hand, the displacement to the right and left of the second vibrator is 
15 reduced, the displacement of the second vibrator is made equal to the subtraction of the displacement due to angular 
velocity from the displacement due to acceleration. Because of this, by adding detection signals from the first and sec- 
ond displacement detectors, the detection signals due to acceleration offset each other and only the detection signals 
due to angular velocity is able to take out. 

[0013] The rotational supporting beams may be arranged in a spiral form between a supporting portion given at the 
so central axis on the board and the rotational vibrator. In this case, the rotational supporting beams are able to support 
the rotational vibrator so as to give rotational vibration around the central axis by the whole rotational supporting beams 
being bent and deformed. 

[0014] The first vibrator and the second vibrator may be arranged so as to be symmetrical to the right and left with 
respect to the central axis. In the case, when rotational vibration is given to the rotational vibrator, the first and second 
25 vibrators are able to be symmetrically vibrated to the right and left at the same speed. Accordingly, when the first and 
second vibrators are displaced by an angular velocity, the measure of the displacement is made nearly equal. There- 
fore, the amplitude of signals by angular velocity is able to be made nearly equal in the signals from the first displace- 
ment detecting portion and second displacement detecting portion. 

[001 5] More, the spring constants of the first and second supporting beams may be set to be nearly equal and at the 
30 same time the mass of the first and second vibrators is set to be nearly equal. In the case when acceleration is applied 
in the direction of a tangential line of the rotational vibrator, the first and second vibrators are displaced by a nearly equal 
measure. Therefore, without carrying out various operations, the displacement capacitance by acceleration is easily off- 
set by using displacement signals from the first and second displacement detectors. 

[001 6] The rotational vibrator may have frame portions in the form of a rectangular frame on both of the end sides to 
35 the right and left. More specifically, the first vibrator may be composed of a first vibrating portion in the form of the letter 
"H" given inside a first of the frame portions, and the second vibrator may be composed of a second vibrating portion in 
the form of the letter "H" given inside a second of the frame portions. The first displacement detector may be composed 
of a first vibrating side electrode given in the first vibrating portion and a first fixed side electrode arranged inside the 
first frame portion. The second displacement detector may be composed of a second vibrating side electrode given in 
40 the second vibrating portion and a second fixed side electrode arranged inside the second frame portion. In this case, 
when rotational vibration is given to the rotational vibrator, the first frame portion is vibrated backward and forward, and 
the second frame portion is vibrated forward and backward. Therefore, the first and second vibrating portions are 
vibrated backward and forward in the reverse direction from each other. 

[001 7] And the first vibrating side electrode and first fixed side el ectrode detect capacitance between these first vibrat- 
es ing side electrode and fixed side electrode, and detect the displacement measure to the right and left of the first vibrat- 
ing portion. Further, the second vibrating side electrode and second fixed side electrode detect capacitance between 
these first vibrating side electrode and first fixed side electrode, and detect the displacement measure to the right and 
left of the second vibrating portion. 

[001 8] The rotational vibration generating means may comprises first and second vibration generators located on the 
50 side of one end to the right and left of the rotational vibrator, separated in the backward and forward direction of the rota- 
tional vibrator, and giving backward and forward vibration to a first vibrator, and of third and fourth vibration generators 
located on the side of the other end to the right and left of the rotational vibrator, separated in the backward and forward 
direction of the rotational vibrator, and giving backward and forward vibration to a second vibrator. When the first vibra- 
tor is displaced forward by input of driving signals of the same phase to the first and fourth vibration generators given 
55 at the locations symmetrical with respect to the central axis, the second vibrator is displaced backward, and when the 
first vibrator is displaced backward by input of driving signals of the same phase to the second and third vibration gen- 
erators given at the locations symmetrical with respect to the central axis, the second vibrator is displaced forward. 
[0019] Because thus constructed, the first through fourth vibration generators are able to give rotational vibration 
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around the central axis to the rotational vibrator. And the first and fourth vibration generators are arranged so as to be 
symmetrical with respect to the central axis and are driven at the same time by driving signals of the same phase. 
Therefore, when the first vibrator is displaced forward by the first and fourth vibration generators, the second vibrator is 
able to be displaced backward. 
5 [0020] Further, the second and third vibration generators are arranged so as to be symmetrical with respect to the 
central axis, and are driven at the same time by driving signals of the same phase. Therefore, when the first vibrator is 
displaced backward by the second and third vibration generators, the second vibrator is able to be displaced forward. 
[0021] Other features and advantages of the present invention will become apparent from the following detailed 
description of the preferred embodiment^ of the invention which refers to the accompanying drawings. 

w 

BRIEF DESCRIPTION QF THE DRAWINOfS) 
[0022] 

is Fig. 1 is a front view of an angular velocity sensor according to an embodiment. 
Fig. 2 is a vertical cross section taken on line ll-ll of Fig. 1. 

Fig. 3 is an enlarged front view of the state of first and second vibrating portions in the form of letter "H" and others 
at the start. 

Fig. 4 is an enlarged front view of the state of first and second vibrating portions in the form of letter "H" and others 
20 at the time when an angular velocity is applied around an axial line 01 - 01 . 

Fig. 5 is an enlarged front view of the state of first and second vibrating portions in the form of letter "H" and others 
at the time when acceleration G is applied in the direction of X axis with an angular velocity Q. applied around the 
axial line 01 -01. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[0023] Hereinafter, the preferred embodiments of the present invention are explained in detail with reference to the 
drawings. 

[0024] Numeral 1 represents a board in the form of a flat plate extended in the backward and forward direction and to 
30 the right and left which constitutes the base of an angular velocity sensor, and the board 1 is formed into a rectangular 
shape by using, for example, glass material. Here, for example, the backward and forward direction of the board 1 is set 
to be the direction of the Y axis and the direction to the right and left of the board 1 at a right angle to the direction of 
the Y axis is set to be the direction of the X axis. The direction perpendicular to the board 1 is set to be the direction of 
the Z axis. 

35 [0025] Numeral 2 represents a supporting portion given nearly at the central location of the board 1 . The supporting 
portion 2 is formed nearly in the shape of a rectangular solid and at the four corners of the supporting portion 2 the side 
of the base end of rotational supporting beams 3 to be described later is fixed. The supporting portion 2 is integrally 
formed together with a rotational vibrator 4 to be described later, first and second supporting beams 5, 7, first and sec- 
ond vibrators 6, 8 in the form of the letter "H", by using poiysilicon, silicon single crystal, etc. doped with P, Sb, etc. and 

40 being of low resistance. 

[0026] Numerals 3, 3, ... represent four rotational supporting beams nearly spirally extended toward the outside of the 
board 1 from the supporting portion 2, and each of the rotational supporting beams 3 is provided between the support- 
ing portion 2 and the rotational vibrator 4. And the side of the base end of each of rotational supporting beams is fixed 
at the four corners of the supporting portion 2 and at the same time the tip side is fixed at the rotational vibrator 4. Fur- 

45 ther, each of the rotational supporting beams 3 has a bent portion in the middle of the nearly spiral extension. And these 
four rotational supporting beams 3 support the rotational vibrator 4 so as to be horizontal to the board 1. 
[0027] Numeral 4 represents a rotational vibrator supported by the rotational supporting beams 3 so as to be sepa- 
rated from the surface of the board 1 , and the rotational vibrator 4 is formed so as to extend in the direction of the X axis 
from an axial line 01 - 01 as the central axis perpendicular to the board 1 over the board 1 . And the rotational vibrator 

so 4 is supported by the rotational supporting beams 3 so as to be rotationally vibrated. 

[0028] And the rotational vibrator 4 is composed of right and left frame portions 4A, 4B in the form of a rectangular 
frame having nearly a square form given on the side of both ends to the right and left (in the direction of the X axis) and 
a central frame portion 4C in the form of a rectangular frame having nearly a square form given between the frame por- 
tions 4A, 4B in the form of a rectangular frame, and is constructed nearly in the form of a ladder because of these frame 

S5 portions 4A through 4C in the form of a rectangular frame. 

[0029] Further, inside the central frame portion 4C in the form of a rectangular frame the supporting portion 2 is 
arranged and at the same time the tip side of each of the rotational supporting beams 3 is fixed at the corner portion of 
the frame portion 4C in the form of a rectangular frame. Because of this, the rotational vibrator 4 is fixed to the support- 
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ing portion 2 through the four rotational supporting beams 3 and is made to be rotationally vibrated around the axial line 
01 - 01 in the direction of an arrow A in Fig. 1 in the state that the rotational vibrator 4 is kept horizontal to the board 1 . 
And the rotational vibrator 4 is rotationally vibrated at a resonance frequency determined by the mass of the rotational 
vibrator 4, the mass of the first and second vibrating portions 6, 8, and the spring constant of the rotational supporting 
s beams 3. 

[0030] Numerals 5, 5, ... represent four first supporting beams and each of the supporting beams 5 is located inside 
the frame portion 4A in the form of a rectangular frame of the rotational vibrator 4 and is fixed to the middle of the side 
extended in the backward and forward direction (the direction of the Y axis) and extended in the direction of the Y axis. 
And the tip side of each of the supporting beams 5 is fixed to the first vibrating portion 6. 

w [0031 ] Numeral 6 represents a first vibrating portion in the form of the letter "H" as a first vibrator given inside the left 
frame portion 4A of the rotational vibrator 4, and the vibrating portion 6 is composed of two arm portions 6A extended 
in the direction of the X axis and connecting portions 6B connecting each of the arm portions 6A to nearly be in the form 
of the letter "H" , and both end sides of each of the arm portions 6A are fixed to the tip side of each of the supporting 
beams 5. Because of this, the first vibrating portion 6 is fixed to the rotational vibrator 4 through the four supporting 

15 beams 5 so as to be vibrated in the direction of X axis. Further, to the connecting portion 6B of the first vibrating portion 
6, first vibrating side detecting electrodes 1 5, 1 5 in the direction of X axis which are to be described later, are formed. 
[0032] And the first vibrating portion 6 is to be vibrated at a resonance frequency f2 determined by the mass of the 
first vibrating portion 6 and the spring constant of the first supporting beams 5. Further, the resonance frequency f2 of 
the first vibrating portion 6 and the resonance frequency f 1 of the rotational vibrator are set to be nearly equal to each 

20 other. Because of this, when a Coriolis force F acting on the first vibrating portion 6 is increased and an angular velocity 
Q is applied around the axial line 01 - 01 , the first vibrating portion 6 is able to be more displaced in the direction of the 
Xaxis. 

[0033] Numerals 7, 7, ... represent four second supporting beams, and each of the supporting beams 7, which is 
formed nearly in the same way as the first supporting beams 5, is located inside the frame portion 4B of the rotational 
25 vibrator 4, and is fixed to the middle of the side extended in the backward and forward direction (the direction of the Y 
axis) and extended in the direction of the Y axis. And the tip side of each of the supporting beams 7 is fixed to the sec- 
ond vibrating portion 8. 

[0034] Numeral 8 represents a second vibrating portion in the form of the letter "H" as a second vibrator given inside 
the right frame portion 4B of the rotational vibrator 4, and the vibrating portion 8 is composed of two arm portions 8A 

30 extended in the direction of the X axis and connecting portions 8B connecting each of the arm portions 8A to be nearly 
in the form of the letter "H" nearly in the same way as the first vibrating portion 6, and both end sides of each of the arm 
portions 8A are fixed to the tip side of each of the supporting beams 7. Because of this, the second vibrating portion 8 
is fixed to the rotational vibrator 4 through the four supporting beams 7 so as to be vibrated in the direction of the X axis. 
Further, to the connecting portion 8B of the second vibrating portion 8, second vibrating side detecting electrodes 19, 

35 1 9 in the direction of the X axis, which are to be described later, are formed. 

[0035] And out of the supporting portion 2, the first and second supporting beams 5, 7, and the first and second vibrat- 
ing portions 5, 7, only the supporting portion 2 is mounted in a fixed condition on the board 1 , and the first and second 
supporting beams 5, 7 and the first and second vibrating portions 6, 8 are horizontally supported a prescribed distance 
away from the board 1 . Further, as each of the first supporting beams 5 is extended in the direction of the Y axis, by the 

40 first supporting beams 5 being bent in the direction of the X axis, the first vibrating portion 6 is able to be displaced in 
the direction of the X axis. Similarly, as each of the second supporting beams 7 is extended in the direction of the Y axis, 
by the second supporting beams 7 being bent in the direction of the X axis, the second vibrating portion 8 is able to be 
displaced in the direction of the X axis. 

[0036] Further, the mass of the second vibrating portion 8 is set to be nearly equal to the mass of the first vibrating 
45 portion 6 and at the same time the spring constant of the second supporting beams 7 is set to be nearly equal to the 
spring constant of the first supporting beams 5. Because of this, the second vibrating portion 8 is to be vibrated at the 
resonance frequency f3 nearly equal to the resonance frequency f2 of the first vibrating portion 6. 
[0037] When an angular velocity Q. is applied around the axial line 01 - 01 in the state that the rotational vibrator 4 is 
rotationally vibrated, vibration of the second vibrating portion 8 and the first vibrating portion 6 is to be symmetrical in 
so the direction of the X axis about the point determined by the axial line 01 - 01 . 

[0038] That is, referring to Figs. 2 and 4, when the first vibrating portion 6 is displaced in the direction of an arrow B1 
or toward the axial line 01 - 01 , the second vibrating portion 8 is also displaced in the direction of an arrow C1 or toward 
the axial line 01 - 01 . Further, the first vibrating portion 6 is displaced in the direction of an arrow B2 or away from the 
axial line 01 - 01 , the second vibrating portion 8 is also displaced in the direction of an arrow C2 or away from the axial 
55 lined -01. 

[0039] As best seen in Fig. 1 , numerals 9, 9, ... represent four fixed portions for vibration given in the four corners on 
the board 1 , and each of the fixed portions for vibration 9 is fixed on the board 1 so as to sandwich the frame portions 
4A, 4B of the rotational vibrator 4. 
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[0040] Numerals 1 0, 1 0, ... represent fixed side electrodes for vibration protruded toward the rotational vibrator 4 from 
the fixed portion for vibration 9, and each of the fixed side electrodes for vibration 10 is composed of nine electrode 
plates 10A protruded toward the fixed portion for vibration 9. Further, although each of the electrode plates 10A is 
extended along the rotational direction of the rotational vibrator 4, because it is given away from the axial line 02 - 02 
5 in the backward and forward direction (in the direction of the Y axis), it is a little tilted out of the direction of the Y axis. 
And each of the electrode plates 10A alternately faces each of the under-mentioned electrode plates 11A integrated 
into the rotational vibrator 4 with a gap between them. 

[0041] Numerals 11, 11, ... represent vibrating side vibrating electrodes formed on the rotational vibrator 4, and each 
of the vibrating side vibrating electrodes 1 1 is provided outside the frame portions 4A, 4B. And the vibrating side vibrat- 

10 ing electrode 1 1 is composed of nine electrode plates 1 1 A protruded toward the fixed portion for vibration in the back- 
ward and forward direction (in the direction of the Y axis). Further, the electrode plates 11 A are extended in the 
rotational direction of the rotational vibrator 4 and are a little tilted out of the direction of the Y axis, and at the same time 
these electrode plates 11A are arranged in a comblike form. And the vibrating side vibrating electrodes 11 and fixed 
side vibrating electrodes 10 constitute vibration generating portions 12A through 12D. 

w [0042] Numerals 1 2A, 1 2B, 1 2C, 1 2D represent vibration generating portions as rotational vibration generating means 
which are given at the four locations around the rotational vibrator 4, and each of the vibration generating portions 1 2A 
through 12D made up of the fixed side electrode for vibration 10 and vibrating side vibrating electrode 11 constitutes 
first through fourth vibration generators. And between each of the electrode plates 10A of the fixed side electrode for 
vibration 1 0 and each of the electrode plates 1 1 A of the vibrating side vibrating electrode 1 1 an equal space is provided, 

20 respectively. 

[0043] Further, out of the vibration generating portions 12A through 12D, the first and second vibration generating 
portions 12A, 12B are positioned away from each other in the backward and forward direction on the left-hand side of 
the rotational vibrator 4 and the third and fourth vibration generating portions 12C, 12D are positioned away from each 
other in the backward and forward direction on the right-hand side of the rotational vibrator 4. 

25 [0044] Here, between the fixed side electrode for vibration 1 0 and vibrating side electrode 1 1 , a driving signal such 
as a pulsed wave, a sine wave, etc. of frequency fO is applied. At this time, between the electrode plates 10A, 1 1 A posi- 
tioned before and behind electrostatic attraction is periodically generated. Further, out of each of the vibration generat- 
ing portions 12A through 12D to the first and fourth vibration generating portions 12A, 12D symmetrically positioned 
about the axial line 01 - 01 a driving signal of the same phase is applied. On the other hand, to the second and third 

so vibration generating portions 12B, 12C, a driving signal of the opposite phase to the driving signal to the vibration gen- 
erating portions 12A, 12D is applied. 

[0045] Because of this, when the frame portion 4A and the first vibrating portion 6 of the rotational vibrator 4 are dis- 
placed forward by the first and fourth vibration generating portions 12A, 1 2D, the vibration generating portion 1 2C is dis- 
placed backward by the frame portion 4B and the second vibrating portion 8. On the other hand, when the frame portion 
35 4A and the first vibrating portion 6 of the rotational vibrator 4 are displaced backward by the second and third vibration 
generating portions 12B, 12C, the vibration generating portion 12C is displaced forward by the frame portion 4B and 
the second vibrating portion 8. 

[0046] And as the rotational vibrator 4 repeats such movement, the vibration generating portions 12A through 12D 
provide rotational vibration around the axial line 01 - 01 in the direction of an arrow A to the rotational vibrator 4, the 
40 first and second vibrating portions 6, 8, and other elements. 

[0047] Numerals 13,13 represent first detecting fixed portions provided inside the frame portion 4A of the rotational 
vibrator 4, and the detecting fixed portions 1 3 are directed away from each other in the right and left directions and are 
fixed on the board 1 , and at the same time are provided in the space surrounded by the first supporting beams 5 and 
first vibrating portion 6. 

45 [0048] Numerals 14, 14 represent first fixed side detecting electrodes as a first fixed side electrode provided in the 
detecting fixed portion 13, and each of the fixed side detecting electrodes 14 is composed of arm portions 14A 
extended to the right and left from both of the backward and forward sides of the detecting fixed portion 1 3 and six elec- 
trode plates 14B protruded inward from the arm portion 14A so that the electrode plates 14B alternately face each of 
the electrode plates 15B of a vibrating side detecting electrode 15 to be described later with spacing therebetween. 

so [0049] Numerals 15, 15 represent first vibrating side detecting electrodes as a first vibrating side electrode protruded 
to the right and left along the axial line 02 - 02 extending in the direction of the X axis passing through the axial line 01 
- 01 from the center of the connecting portion 6B of the first vibrating portion 6, and each of the vibrating side detecting 
electrodes 15 is formed in the form of an antenna by an arm portion 1 5A extending in the direction of the X axis and six 
equally spaced electrode plates 1 5B extending in the backward and forward direction (in the direction of the Y axis) from 

55 the arm portion 15A. And the vibrating side detecting electrodes 15 and fixed side detecting electrodes 14 are to con- 
stitute first displacement detecting portions 16L, 16R to be described later. 

[0050] Numerals 1 6L, 1 6R represent first displacement detecting portions located on the right and left as a first dis- 
placement detector, and each of the displacement detecting portions 1 6L, 1 6R is composed of the fixed side detecting 
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electrode 14 and the vibrating side detecting electrode 15. 

[0051 ] Further, each of the displacement detecting portions 1 6L, 1 6R is in the state shown in Fig. 3 at the start, and 
when the electrode plates 1 4B of the fixed side detecting electrode 1 4 are made to alternately face the electrode plates 
1 5B of the vibrating side detecting electrode 1 5, the distance between the neighboring electrode plates 1 4B, 1 5B of the 
5 displacement detecting portion 1 6L on the left is set to be do of a narrow spacing and dO' of a wide spacing in an alter- 
nate way. 

[0052] On the other hand, the displacement detecting portion 1 6R on the right is constructed in the same way as the 
displacement detecting portion 16L on the left, and the distance between the neighboring electrode plates 14B, 15B is 
set to be do of a narrow spacing and d0' of a wide spacing in an alternate way. And the distances dO, d0' between the 
10 electrode plates 1 4B, 1 5B of the displacement detecting portion 1 6L on the left and the distances do, dO' between the 
electrode plates 1 4B, 15B of the displacement detecting portion 1 6R on the right are set to be symmetrical with respect 
to a line determined by the connecting portion 6B. 

[0053] Because of this, the capacitance CO at the start of a capacitor of parallel flat plates having a narrower spacing 
dO therebetween and the capacitance CO' at the start of a capacitor of parallel flat plates having a wider spacing dO' 
is therebetween have the relation as shown by the following formula 1 . 

CO » Co' [Formula 1] 

[0054] Because of this, at the start when the angular velocity sensor is not in operation, only the side having a nar- 
20 rower spacing dO constitutes a parallel flat-plate capacitor. As a result, when an angular velocity £2 acts on the angular 
velocity sensor, each of the displacement detecting portions 16L, 16R detects the change of the spacing dO between 
the electrode plates 14B, 15B as the change of the capacitance. 

[0055] Numerals 17,17 represent second detecting fixed portions provided inside the frame portion 4B of the rota- 
tional vibrator 4, and the detecting fixed portions 17 are directed away from each other in the right and left directions 
25 and are fixed on the board 1, and at the same time are provided in the space surrounded by the second supporting 
beams 7 and second vibrating portion 8. 

[0056] Numerals 18, 18 represent second fixed side detecting electrodes as a second fixed side electrode provided 
in the detecting fixed portion 17, and each of the fixed side detecting electrodes 18 is composed of arm portions 18A 
extended to the right and left from both of the backward and forward sides of the detecting fixed portion 1 7 and six elec- 

30 trode plates 18B protruded inward from the arm portion 18A so that the electrode plates 18B alternately face each of 
the electrode plates 19B of a vibrating side detecting electrode 1 9 to be described later with a space therebetween. 
[0057] Numerals 1 9, 1 9 represent second vibrating side detecting electrodes as a second vibrating side electrode pro- 
truded to the right and left along the axial line 02 - 02 from the center of the connecting portion 8B of the second vibrat- 
ing portion 8, and each of the vibrating side detecting electrodes 1 9 is formed in the shape of an antenna by arm portion 

35 1 9A extending in the direction of the X axis and six equally spaced electrode plates 1 9B extending in the backward and 
forward direction (in the direction of the Y axis from the arm portion 19A. And the vibrating side detecting electrode 15 
and fixed side detecting electrode 15 are to constitute second displacement detecting portions 20L, 20 R to be 
described later. 

[0058] Numerals 20L, 20R represent second displacement detecting portions located on the right and left as a second 
40 displacement detector, and each of the displacement detecting portions 20L, 20R is composed of the fixed side detect- 
ing electrode 1 8 and the vibrating side detecting electrode 1 9 nearly in the same way as the first displacement detecting 
portions 16L, 16R. 

[0059] Further, each of the displacement detecting portions 20L, 20R is in the state shown in Fig. 3 at the start, and 
when the electrode plates 1 8B of the fixed side detecting electrode 1 8 are made to alternately face the electrode plates 
45 1 9b of the vibrating side detecting electrode 1 9, the distance between the neighboring electrode plates 1 8B, 1 9B of the 
displacement detecting portion 20L on the left is set to be dO of a narrow spacing and dO' of a wide spacing in an alter- 
nate way. 

[0060] On the other hand, the displacement detecting portion 20R on the right is constructed in the same way as the 
displacement detecting portion 20L on the left, and the distance between the neighboring electrode plates 1 8B, 1 9B is 
50 set to be dO of a narrow spacing and dO' of a wide spacing in a alternate way. And the distances dO, dO' between the 
electrode plates 1 8B, 19B of the displacement detecting portion 20L on the left and the distances dO, dO' between the 
electrode plates 1 8B, 1 9B of the displacement detecting portion 20 R on the right are set to be symmetrical with respect 
to a line determined by the connecting portion 6B. 

[0061 ] Because of this, in the second displacement detectors 20L, 20 R, only the sides spaced by the distance dO of 
55 a narrower spacing constitutes a parallel flat-plate capacitor as in the first displacement detectors 16L, 16R, and the 
capacitance C1 of the side spaced by the distance dO is set to be nearly equal to the capacitance CO of the first dis- 
placement detectors 1 6L, 1 6R. As a result, when an angular velocity a acts on the angular velocity sensor, each of the 
displacement detecting portions 20L, 20R detect the change of the distance dO between the electrode plates 18B, 19B 
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as the change of the capacitance. 

[0062] An angular velocity sensor according to the present embodiment is constructed as described above. Next, the 
basic detecting operation at the time when an angular velocity Q is applied around the axial line 01 - 01 (the Z axis) is 
explained with reference to Fig. 4. 
5 [0063] First, when driving signals are applied to the vibration generating portions 12A through 12D, between each of 
electrode plates 10A, 11A electrostatic attraction acts in an alternate way and the rotational vibrator 4 is rotationally 
vibrated around the axial line 01 - 01 . 

[0064] At this time, the first and second vibrating portions 6, 8 are vibrated in the direction of the Y axis. Further, when 
the first vibrating portion 6 is displaced backward in the direction of the Y axis, the second vibrating portion 8 is dis- 
w placed forward in the direction of the Y axis. On the other hand, the first vibrating portion 6 is displaced forward in the 
direction of Y axis, the second vibrating portion 8 is displaced backward in the direction of Y axis. 
[0065] In this state, when an angular velocity fl is applied around the axial line 01 - 01 , a Coriolis force shown by the 
following formula 2 is generated in the direction of the X axis. 

w F = 2 m Q v [Formula 2] 

m : mass of the first and second vibrating portions 6, 8. 
Q. : angular velocity. 

v : speed in the direction of Y axis of the first and second vibrating portions 6, 8. 

[0066] And because of this Coriolis force, the first and second vibrating portions 6, 8 are vibrated in the direction of 
the X axis. At this time, the first displacement detecting portions 16L, 16R detect a vibration displacement of the first 
vibrating portion 6 as a change of capacitance between the fixed side detecting electrode 14 and the vibrating side 
detecting electrode 1 5 and output a displacement signal. Further, the second displacement detecting portions 20L, 20R 
S5 detect a vibration displacement of the second vibrating portion 8 as the change of capacitance between the fixed side 
detecting electrode 1 8 and the vibrating side detecting electrode 1 9 and output a displacement signal. Because of this, 
by using the displacement signal from the first displacement detecting portions 16L, 16R and the displacement signal 
from the second displacement detecting portions 20L, 20 R, an angular velocity £2 around the axial line 01 - 01 is able 
to be detected. 

30 [0067] Next, the method of operation of the displacement signal from the first displacement detecting portions 1 6L, 
1 6R and the displacement signal from the second displacement detecting portions 20L, 20R at the time when an angu- 
lar velocity CI around the axial line 01 - 01 is detected is explained. 

[0068] First, the time when the first and second vibrating portions 6, 8 are displaced in the direction of an arrow B1 
and an arrow C1 or to the right and left of the board 1 as shown in Fig. 4 is explained. Here, the distances do, dO' 

35 between each of the electrode plates 14B, 15B of the first displacement detecting portions 16L, 16R are symmetrical 
with respect to a line determined by the connecting portion 6B. Because of this, out of the first displacement detecting 
portions 16L, 16R, in the left displacement detecting portion 16L, the distance dO between the electrode plates 14B, 
1 5B is increased by a distance of displacement of (+ AdcO) . At this time, the left displacement detecting portion 1 6L out- 
puts a displacement signal of a displacement capacitance of (- ACcO). 

40 [0069] Here, a displacement measure of (+ AdcO) shows the difference in the spacing between the electrode plates 
1 4B, 1 5B when the spacing is increased from the spacing do at the start by the displacement of the first vibrating portion 
6 in the form of letter "H" because of Coriolis force. Further, a displacement capacitance of (- ACcO) shows the differ- 
ence in capacitance when the spacing between the electrode plates 1 4B, 1 5B is increased by a displacement measure 
of (+ AdcO) and the capacitance between the electrode plates 1 4B, 1 5B is reduced from the capacitance CO at the start. 

45 [0070] On the other hand, in the displacement detecting portion 1 6R on the right of the connecting portion 6B, the 
spacing between the electrode plates 1 4B, 15B is reduced by a displacement measure of (- AdcO). At this time, the dis- 
placement detecting portion 1 6R on the right outputs a displacement signal of (+ ACcO). That is, when the first vibrating 
portion 6 is displaced to the left, the displacement measure and displacement capacitance of the displacement detect- 
ing portions 18L, 18R on the right and left are as shown in Table 1 below. 

so [0071] Here, a displacement distance of (- AdcO) shows the difference in the spacing between the electrode plates 
14B, 15B when the spacing is reduced from the spacing dO at the start by the displacement of the first vibrating portion 
6 because of Coriolis force. Further, a displacement capacitance of (+ ACcO) shows the difference in capacitance when 
the spacing between the electrode plates 14B, 15B is reduced by a displacement measure of (- AdcO) and the capaci- 
tance between the electrode plates 1 4B, 1 5B is increased from the capacitance CO at the start. 

55 [0072] Next, displacement signals by the second displacement detecting portions 20L, 20R are explained. Here, as 
the first and second vibration portions 6, 8 are vibrated in the opposite way from each other in the direction of the Y axis, 
the direction in which the Coriolis force acts on the second vibrating portion 8 is opposite to the direction in which the 
Coriolis force acts on the first vibrating portion 6. Because of this, when the first vibrating portion 6 is displaced in the 
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direction of an arrow B1 or to the right of the board 1 , the second vibration portion 8 is displaced in the direction of an 
arrow C1 or to the left of the board 1 . 

[0073] Further, the spring constants of the first and second supporting beams 5, 7 are set to be nearly equal to each 
other, and at the same time the mass of the first and second vibrating portions 6, 8 is set to be nearly equal. Because 
5 of this, the displacement measure at the time when the second vibrating portion 8 is displaced in the direction of an 
arrow C1 by the Coriolis force is made to be nearly equal to the displacement measure at the time when the first vibrat- 
ing portion 6 is displaced in the direction of an arrow B1 by the Coriolis force. 

[0074] Because of this, in the left displacement detecting portion 20L of the second displacement detecting portions 
20L, 20R, the spacing dO between the electrode plates 18B, 19B is reduced by a displacement measure of (- AdcO}. 
10 And the left displacement detecting portion 20L outputs a displacement signal of a displacement capacitance of (+ 
ACcO). 

[0075] On the other hand, in the right displacement detecting portion 20R, the spacing do between the electrode 
plates 18B, 19B is increased by a displacement measure of (+ AdcO). And the right displacement detecting portion 20R 
outputs a displacement signal of a displacement capacitance of (- ACcO). That is, when the first vibrating portion 6 is 
is displaced in the direction of an arrow B1 and at the same time the second vibrating portion 8 is displaced in the direction 
of an arrow C1 , the displacement measure and displacement capacitance of each of the displacement detecting por- 
tions 16L, 16R, 20L, 20R are as shown in the following Table 1. 





Displacement measure 


Displacement capaci- 
tance 


Left displacement detecting 


+ Adc0 


-ACcO 


Right displacement detecting 


-AdcO 


+ ACc0 


Left displacement detecting 


-AdcO 


+ ACc0 


Right displacement detecting 


+ Adc0 


-ACcO 



[0076] And by subtracting a displacement signal of the left displacement detecting potion 1 6L from a displacement 
signal of the right displacement detecting portion 16R as shown in the following formula 3, a displacement signal of (2 
x ACcO) is able to be detected. 

(2 x ACcO) = + ACcO - (- ACcO) [Formula 3] 

[0077] Further, by subtracting a displacement signal of the right displacement detecting portion 20R from a displace- 
ment signal of the left displacement detecting portion 20L as shown in the following formula 4, a displacement signal of 
(2 x ACcO) is able to be detected. 

(2 x ACcO) = + ACcO - (- ACcO) [Formula 4] 

[0078] And by adding these two displacement signals as shown in the following formula 5, a displacement signal of 
(4 x ACcO) is able to be detected, and the detecting accuracy of an angular velocity fi is able to be increased compared 
with detection of the change of capacitance, for example, only by the left displacement detecting portion 16L. 



(4 x ACcO) = (2 x ACcO) + (2 x ACcO) 



[Formula 5| 



[0079] More, the case in which the first and second vibrating portions 6, 8 are displaced in the direction of arrows B1 , 
C1 by the Coriolis force F has been explained, but even if the first and second vibrating portions 6, 8 are displaced in 
the direction of arrows B2, C2, nearly the same displacement signal is able to be detected except that the sign of dis- 
placement capacitance is changed. 

[0080] That is, the first displacement detecting portions 1 6L, 1 6R output displacement signals of displacement capac- 
itance of (+ ACcO) and (- ACcO), and the second displacement detecting portions 20L, 20R output displacement signals 
of displacement capacitance of (- ACcO) and (+ ACcO). Because of this, by applying subtraction to these two displace- 
ment signals in the same way as in formula 3 and formula 4, a displacement signal of {2 x (- ACcO)} is able to be 
detected. And by adding these two displacement signals in the same way as in formula 5, a displacement signal of {4 
x (- ACcO)} is able to be detected. 
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[0081] Next, detecting operation at the time when acceleration G is applied in the direction of the axial line 02 - 02 
with an angular velocity £2 applied around the axial line 01 - 01 is explained with reference to Fig. 5. 
[0082] First, driving signals are applied to the vibration generating portions 12A through 12D and the rotational vibra- 
tor 4 is rotationally vibrated. As a result, the first and second vibrating portions 6, 8. When an angular velocity £2 is 
5 applied around the axial line 01 - 01 in this state, the first and second vibrating portions 6, 8 is vibrated in the direction 
of the X axis because of the Coriolis force. 

[0083] Further, when, for example, an acceleration G to the right along the X axis acts on the whole of the angular 
velocity sensor, the first and second vibrating portions 6, 8 is displaced to the left along the X axis or in the opposite 
direction to the acceleration G. In this way, the Coriolis force due to the angular velocity £2 and the acceleration G are 

w to act on the first and second vibrating portions 6, 8. 

[0084] Then, as shown in Fig. 5, the first and second vibrating portions 6, 8 displaced in the direction of arrows B1 , 
C1 or to the right and left of the board 1 by the Coriolis force due to angular velocity £2 are explained. 
[0085] As the first and second vibrating portions 6, 8 are displaced in the direction of arrows B1 , C1 by angular velocity 
£2, in the left displacement detecting portion 16L of the first displacement detecting portions 16L, 16R, the spacing do 

is between the electrode plates 14B, 15B is increased by a displacement measure + AdcO due to Coriolis force and the 
displacement signal is reduced by a displacement capacitance of {- ACcO). Further, in the right displacement detecting 
portion 16R, the spacing do between the electrode plates 14B, 15B is reduced by a displacement distance of (- AdcO) 
due to the Coriolis force and the displacement signal is increased by a displacement capacitance of (+ ACcO). 
[0086] On the other hand, in the left displacement detecting portion 20L out of the second displacement detecting 

so portions 20L, 20R, the spacing between the electrode plates 18B, 19B is reduced by a displacement measure of (- 
AdcO) due to the Coriolis force and the displacement signal is increased by a displacement capacitance of (+ ACcO). 
More, in the right displacement detecting portion 20R the spacing do between the electrode plates 14B, 15B is 
increased by a displacement measure of (+ AdcO) and the displacement signal is reduced by a displacement capaci- 
tance of (- ACcO). 

25 [0087] In addition, as both of the first and second vibrating portions 6, 8 are displaced in the direction of an arrow C1 
by acceleration G, in the left displacement detecting portion 16L out of the first displacement detecting portions 16L, 
16R, the spacing do between the electrode plates 14B, 15B is reduced by a displacement measure of (- AdgO) due to 
the acceleration G and the displacement signal is increased by a displacement capacitance of (+ ACgO). Further, in the 
right displacement detecting portion 16R the spacing do between the electrode plates 14B, 15B is reduced by a dis- 

30 placement measure of (+ AdgO) and the displacement signal is reduced by a displacement capacitance of (- ACgO). 
[0088] Here, the displacement measure of (- AdgO) shows the difference of the spacing between the electrode plates 
14B, 15B at the time when the first vibrating portion 6 is displaced by acceleration G and the spacing dO at the start is 
reduced. And the displacement capacitance of (+ ACgO) shows the difference of capacitance between the electrode 
plates 14B, 15B at the time when the spacing between the electrode plates 14B, 15B is reduced by a displacement 

35 measure of (- AdgO) and the capacitance CO between the electrode plates 14B, 15B at the start is increased. 

[0089] Further, a displacement measure of (+ AdgO) shows the difference of the spacing between the electrode plates 
14B, 15B at the time when the first vibrating portion 6 is displaced by acceleration G and the spacing dO at the start is 
increased. And the displacement capacitance of (- ACgO) shows the difference of capacitance between the electrode 
plates 14B, 15B at the time when the spacing between the electrode plates 14B, 15B is increased by the displacement 

40 measure of (+ AdgO) and the capacitance CO between the electrode plates 1 4B, 1 5B at the start is increased. 

[0090] On the other hand, in the left displacement detecting portion 20L out of the second displacement detecting 
portions 20L, 20 R, the spacing dO between the electrode plates 18B, 19B is reduced by a displacement measure of (- 
AdgO) due to the acceleration G, and the displacement signal is increased by a displacement capacitance of (+ ACgO). 
Further, in the right displacement detecting portion 16R, the spacing dO between the electrode plates 14B, 15B is 

45 increased by a displacement measure of (+ AdgO) due to the acceleration G, and the displacement signal is reduced by 
a displacement capacitance of (- ACgO). 

[0091] That is, when the first and second vibrating portions 6, 8 are displaced in the direction of arrows B1 , C1 by an 
angular velocity £2 and the first and second vibrating portions 6, 8 are displaced in the direction of C1 by the acceleration 
G, the displacement measure and displacement capacitance of each of the displacement detecting portions 16L, 16R, 
so 20L, 20R are as shown in the following Table 2. 



[Table 2] 





Displacement measure 


Displacement capaci- 
tance 


Left displacement detecting 


+ AdcO -AdgO 


- ACcO + ACgO 
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[Table 2] (continued) 





Displacement measure 


Displacement capaci- 
tance 


Right displacement detecting 


- AdcO + AdgO 


+ ACcO-ACgO 


Left displacement detecting 


- AdcO - AdgO 


+ ACcO + ACgO 


Right displacement detecting 


+ AdcO + AdgO 


-ACcO-ACgO 



[0092] And when a displacement signal of the left displacement detecting portion 1 6L is subtracted from a displace- 
ment signal of the right displacement detecting portion 16R as shown in the following formula 6, a displacement signal 
of ( 2 x ACcO- 2 x ACgO) is to be detected. 

( 2 x ACcO - 2 x ACgO) = + ACcO - ACgO - (- ACcO + ACgO) [Formula 6] 

[0093] Further, by subtracting a displacement signal of the right displacement detecting portion 20R from a displace- 
ment signal of the left displacement detecting portion 20L as shown in the following formula 7, a displacement signal of 
( 2 x ACcO + 2 x ACgO) is able to be detected. 

( 2 x ACcO + 2 x ACgO) = + ACcO + ACgO - (- ACcO - ACgO) [Formula 7] 

[0094] And by adding these two displacement signals as shown in the following formula 8, a displacement signal of 
(4 x ACcO) is able to be detected, and by offsetting displacement signals (2 x ACgO) based on acceleration G only a 
displacement signal (4 x ACcO) based on an angular velocity n are able to be taken out. 

(4 x ACcO) = ( 2 x ACcO + 2 x ACgO) + ( 2 x ACcO - 2 x ACgO) [Formula 8] 

[0095] Because of this, without being influenced by the acceleration G applied in the direction of X axis, only the dis- 
placement signals based on angular velocity Q is able to be taken out and the detection accuracy of angular velocity Q 
is able to be improved. 

[0096] More, the case in which the first and second vibrating portions 6, 8 are displaced in the direction of arrows B1 , 
C1 by the Coriolis force F has been explained, but even if the first and second vibrating portions 6, 8 are displaced in 
the direction of arrows B2, C2, nearly the same displacement signals are able to be detected except that the sign of 
displacement capacitance by angular velocity a is changed. 

[0097] That is, the first displacement detecting portions 16L, 16R output the displacement signals of displacement 
capacitance of ( + ACcO + ACgO ) and (- ACcO - ACgO), and the second displacement detecting portions 20L, 20R out 
put the displacement signals of displacement capacitance of (- ACcO + ACgO) and ( + ACcO - ACgO ). Because of this, 
by applying subtraction to the two displacement signals as in formula 6 and formula 7, the displacement signals of {2 x 
(- ACcO ) - 2 x ACgO} and {2 x (- ACcO ) + 2 x ACgO} are able to be detected. And by adding these two displacement 
signals as in formula 8, the displacement signal (2 x ACgO) based on acceleration G is offset, and only the displacement 
signal (4x (- ACcO )} based on angular velocity Q. is able to be taken out. 

[0098] Thus, in the present embodiment, the first and second vibrating portions 6, 8 to be vibrated in the direction of 
the X axis are provided on both sides of the rotational vibrator 4, and the first vibrating portion 6 includes the first dis- 
placement detecting portions 16L, 16R to detect displacement capacitance in the direction of the X axis of the first 
vibrating portion 6 and the second vibrating portion includes the second displacement detecting portions 20L, 20R to 
detect displacement capacitance in the direction of the X axis of the second vibrating portion 8. By using the displace- 
ment capacitance of the first vibrating portion 6 detected by the first displacement detecting portions 16L, 16R, the 
added signal of the displacement capacitance by angular velocity £2 and the displacement capacitance by the acceler- 
ation G is able to be detected. On the other hand, by using the displacement capacitance of the second vibrating portion 
8 detected by the second displacement detecting portions 20L, 20R, the subtracted signal of the displacement capac- 
itance by angular velocity Q. and the displacement capacitance by acceleration G is able to be detected. 
[0099] Because of this, even if the first and second vibrating portions 6, 8 are displaced by angular velocity Q. and by 
an acceleration G in addition, by using the displacement signal detected by the first displacement detecting portions 
1 6L, 1 6R and the displacement signal detected by the second displacement detecting portions 20L, 20R, the displace- 
ment capacitance by acceleration G is able to be offset. As a result, the detection sensitivity of angular velocity Q is able 
to be improved. 

[01 00] Further, as the four rotational supporting beams 3 are spirally arranged between the supporting portion 2 given 
on the board 1 and the rotational vibrator 4, rotational vibration around the axial line 01 - 01 is able to be provided to 
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the rotational vibrator 4 by making each of the rotational supporting beams 3 as a whole bend. 
[0101] Further, as the first vibrating portion 6 and are provided so as to be symmetrical in the direction of the X axis 
with respect to the axial line 01 - 01 , when rotational vibration is given to the rotational vibrator 4, the first vibrating por- 
tion 6 and the second vibrating portion 8 are able to be vibrated at the same speed nearly in the opposite direction from 
each other along the Y axis. As a result, when the first and second vibrating portions 6, 8 are displaced by angular 
velocity Q, their displacement measure is made nearly equal. Because of this, in the displacement signal of the first dis- 
placement detecting portions 16L, 16R and the displacement signal of the second displacement detecting portions 20L, 
20R, the amplitude of the signal brought about by angular velocity fl is made nearly equal, and the detection accuracy 
of angular velocity Q is able to be more improved than in the case that either of the displacement signals is smaller than 
the other. 

[0102] Further, as the spring constant of the first and second supporting beams 5, 7 is set to be nearly equal and at 
the same time the mass of the first and second vibrating portions 6, 8 is set to be nearly equal, when acceleration G is 
applied in the direction of the X axis, the first vibrating portions 6 and the second vibrating portions 8 are nearly equally 
displaced. Because of this, without performing various calculations, by using the displacement signal of the first dis- 
placement detecting portions 1 6L, 1 6R and the displacement signal of the second displacement detecting portions 20L, 
20R, the displacement capacitance by an acceleration G is able to be easily offset. 

[01 03] Further, the rotational vibrator 4 is composed of the frame portions 4A, 4B in the form of a rectangular frame 
given on the right and left sides of the rotational vibrator 4, the first and second vibrating portions 6, 8 in the form of letter 
"H" given inside the frame portions 4A, 4B in the form of a rectangular frame , the first displacement detecting portions 
16L, 16R made up of the first vibrating side detecting electrode 1 5 given in the first vibrating portions 6, and the first 
fixed side detecting electrode 1 4 given on the board 1 , and the second displacement detecting portions 20L, 20R made 
up of the second vibrating side detecting electrode 19 given in the second vibrating portions 8, and the second fixed 
side detecting electrode 1 8 given on the board 1 . As a result, when the rotational vibrator 4 is rotationally vibrated, the 
first and second vibrating portions 6, 8 given inside the frame portions 4A, 4B are able to be vibrated backward and for- 
ward in the opposite direction from each other. 

[01 04] And by the first fixed side detecting electrode 1 4 and the first vibrating side detecting electrode 1 5, the capac- 
itance between these electrode plates 14B, 15B is able to be detected to detect the amount of displacement of the first 
vibrating portions 6 in the direction of the X axis. Further, by the second fixed side detecting electrode 18 and the sec- 
ond vibrating side detecting electrode 19, the capacitance between these electrode plates 18B, 19B is able to be 
detected to detect the amount of displacement of the second vibrating portion 8 in the direction of the X axis. 
[0105] In addition, when the first vibrating portions 6 is displaced forward by inputting driving signals of the same 
phase to the first and fourth vibration generating portions 12A, 12D, the second vibrating portion 8 is displaced back- 
ward. And at the same time the first vibrating portion 6 is displaced backward by inputting driving signals of the same 
phase to the second and third vibration generating portions 12B, 12C, the second vibrating portion 8 is displaced for- 
ward. As a result, the first through fourth vibration generating portions 12A through 12D are able to provide rotational 
vibration around the central axis to the rotational vibrator and to displace the first and second vibrating portions 6, 8 in 
the opposite direction from each other in the backward and forward direction (in the direction of the Y axis). 
[0106] More, in the foregoing embodiment, the case in which the fixed side vibrating electrode 10 has nine electrode 
plates 1 0A and the vibrating side electrode 1 1 has nine electrode plates 1 1 A was illustrated, but the invention is not so 
limited. More than nine electrode plates may be used and by increasing the number of electrode plates the driving force 
generated in the vibration generating portions 12A through 12D is able to be increased. 

[0107] Further, in the foregoing embodiment, the case in which the first and second fixed side detecting electrodes 
14, 18 have six electrode plates 14B, 18B and the first and second vibrating side detecting electrodes 15, 19 have six 
electrode plates 15B, 19B was illustrated, but the invention is not so limited. More than eight electrode plates may be 
used and by increasing the number of electrode plates the detection sensitivity in the displacement detecting portions 
16L, 20L (16R, 20R) is able to be improved. 

[0108] While preferred embodiments of the invention have been disclosed, various modes of carrying out the princi- 
ples disclosed herein are contemplated as being within the scope of the following claims. Therefore, it is understood 
that the scope of the invention is not to be limited except as otherwise set forth in the claims. 

Claims 

1 . An angular velocity sensor comprising: 
a board (1) in the form of a flat plate; 

a rotational vibrator (4) rotatable about a center of the board (1), the rotational vibrator (4) being extended to 
the right and left from a central axis (01 - 01) vertical to the board (1) and extending through the center thereof 
and being supported over the board (1) at the location of the central axis (01 - 01) by rotational supporting 
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beams (3) so as to be rotationally vibrated; 

a first vibrator (6) located on a right side of the rotational vibrator (4) and supported by first supporting beans 
(5); 

a second vibrator (8) located on a left side of the rotational vibrator (4) and supported by second supporting 
5 beams (7); 

rotational vibration generating means (12A - D) for vibrating the second vibrator (8) backward and forward 
when the first vibrator (6) is vibrated forward and backward by giving rotational vibration to the rotational vibra- 
tor (4); 

af irst displacement detector (1 6L, 1 6R) for detecting a displacement of thef irst vibrator (6) vibrated to the right 
10 and left when an angular velocity is applied around the central axis (01 - 01) of the rotational vibrator (4) in the 

state that rotational vibration (4) is given to the rotational vibrator by the rotational vibration generating means 
(12A-D); and 

a second displacement detector (20L, 20R) for detecting a displacement of the second vibrator (8) vibrated to 
the right and left when an angular velocity is applied around the central axis (01 - 01) of the rotational vibrator 
w (4) in the state that rotational vibration is given to the rotational vibrator (4) by the rotational vibration generating 

means (12A-D). 

2. An angular velocity sensor according to claim 1, wherein the rotational supporting beams (5, 7) are spirally 
arranged between a supporting portion (2) given at the location of the central axis (01 - 01) on the board (1) and 

20 the rotational vibrator (4). 

3. An angular velocity sensor according to claim 1 , wherein the first vibrator (6) and second vibrator (8) are at sym- 
metrical locations of the rotational vibrator (4) with respect to the central axis (01 - 01). 

ss 4. An angular velocity sensor according to claim 1 , wherein a spring constant of the first supporting beams (5) is set 
to be equal to a spring constant of the second supporting beams (7) and the mass of the first vibrator (6) is set to 
be substantially equal to the mass of the second vibrator (8). 

5. An angular velocity sensor according to claim 1 , wherein the rotational vibrator (4) has frame portions (4A, 4B) in 
30 the form of a rectangular frame on both the right and left sides of the rotational vibrator (4), the first vibrator (6) 

including a first vibrating portion in the form of the letter "H" inside of a first one (4A) of the frame portions (4A, 4B), 
the second vibrator (8) including a second vibrating portion in the form of the letter "H" inside of a second one (4B) 
of the frame portions (4A, 4B), the first displacement detector (16L, 16R) including a first vibrating side electrode 
(15) provided in the first vibrating portion and a first fixed side electrode (1 4) arranged inside of the first frame por- 
35 tion and the second displacement detector (20L, 20R) including a second vibrating side electrode (19) provided in 
the second vibrating portion and a second fixed side electrode (18) arranged inside the second frame portion. 

6. An angular velocity sensor according to claim 5, wherein the first fixed side electrode (1 4) and the first vibrating side 
electrode (15) are structured and arranged such that displacement of the first vibrator (6) causes a change in a 

40 capacitance between the first fixed side electrode (14) and the first vibrating side electrode (15), and wherein the 
second fixed side electrode (1 8) and the second vibrating side electrode (19) are structured and arrangecfsuch that 
displacement of the second vibrator (8) causes a change in a capacitance between the first fixed side electrode 
(14) and the second vibrating side electrode (19). 

45 7. An angular velocity sensor according to claim 1 , wherein the rotational vibration generating means (12A - D) are 
composed of first and second vibration generators located to the right of the rotational vibrator (4), separated in the 
backward and forward direction of the rotational vibrator (4), and providing backward and forward vibration to the 
first vibrator (6); and third and fourth vibration generators located on the right side of the rotational vibrator (4), sep- 
arated in the backward and forward direction of the rotational vibrator (4), and providing backward and forward 

so vibration to the second vibrator (8), the first, second, third and fourth vibrator generator being arranged such that 
when the first vibrator (6) is displaced forward by input of driving signals of the same phase to the first and fourth 
vibration generators, the second vibrator (8) is displaced backward, and that when the first vibrator (6) is displaced 
backward by input of driving signals of the same phase to the second and third vibration generators, the second 
vibrator (8) is displaced forward. 

55 

8. An angular velocity sensor comprising : 
a support (1); 
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a rotational vibrator (4); 

rotational support beams (5, 7) connected to the board (1 ) and the rotational vibrator (4) for supporting the rota- 
tional vibrator (4) over the board (1 ) at a central axis (01-01) extending vertically from a center of the board (1 ) ; 
a first vibrator (6) located on a first side of the rotational vibrator (4) and supported by first supporting beams 
(5); 

a second vibrator (8) located on a second, opposite side of the rotational vibrator (4) and supported by second 
supporting beams (7); 

a rotational vibration generator (12A - D) for rotationally vibrating the rotational vibrator (4), the rotational vibra- 
tor (4) causing the first and second vibrators (6, 8) to vibrate; 

a first displacement detector (1 6L, 1 6R) for detecting a displacement of the first vibrator (6) when both an angu- 
lar velocity is applied around the central axis (01 - 01) of the rotational vibrator (4) and the rotational vibrator 
(4) is rotationally vibrated; and 

a second displacement detector (20L, 20R) for detecting a displacement of the second vibrator (8) when both 
an angular velocity is applied around the central axis (01 - 01) of the rotational vibrator (4) and the rotational 
vibrator is rotationally vibrated. 

9. An angular velocity sensor according to claim 8, wherein the rotational supporting beams (5, 7) are spirally 
arranged between the board (1) and the rotational vibrator (4). 

10. An angular velocity sensor according to claim 8, wherein the first vibrator (6) and the second vibrator (8) are pro- 
vided at symmetrical locations of the rotational vibrator (4) in the right and left directions with respect to the central 
axis (01 -01). 

1 1 . An angular velocity sensor according to claim 8, wherein a spring constant of the first supporting beams (5) is equal 
to a spring constant of the second supporting beams (7) and the mass of the first vibrator (6) is set substantially 
equal to the mass of the second vibrator (8). 

12. An angular velocity sensor according to claim 8, wherein the rotational vibrator (4) has frame portions (4A, 4B) in 
the form of a rectangular frame on both the first and second sides. 

1 3. An angular velocity sensor according to claim 1 2, wherein the first vibrator (6) is shaped in the form of the letter "H" 
inside of a rectangular frame on the first side of the rotational vibrator (4) and the second vibrator (8) is shaped in 
the form of the letter "H" within a rectangular frame on the second side of the rotational vibration (4). 

14. An angular velocity sensor according to claim 13, wherein the first displacement detector (16L - 16R) includes a 
first vibrating side electrode (15) provided within the first vibrator (6) and a first fixed side electrode (14) arranged 
inside the rectangular frame of the first vibrator (6) and the second displacement detector (20L - 20R) includes a 
second vibrating side electrode (1 9) provided within the second vibrator (8) and a second fixed side electrode (1 8) 
arranged inside the rectangular frame of the second vibrator (8). 

15. An angular velocity sensor according to claim 14, wherein the first fixed side electrode (14) and the first vibrating 
side electrode (1 5) are structured and arranged such that displacement of the first vibrator (6) causes a change in 
a capacitance between the first fixed side electrode (1 4) and the first vibrating side electrode (15), and wherein the 
second fixed side electrode (18) and the second vibrating side electrode (19) are structured and arranged such that 
displacement of the second vibrator (8) causes a change in a capacitance between the first fixed side electrode 
(14) and the second vibrating side electrode (19). 

16. An angular velocity sensor according to claim 15, wherein the rotational vibration generator (12A - D) includes first 
and second vibration generating units located on the first side of the rotational vibrator (4) and positioned to sand- 
wich the rotational vibrator (4) therebetween, and third and fourth vibration generating units located on the second 
side of the rotational vibrator (4) and positioned to sandwich the rotational vibrator (4) therebetween, the location 
and positioning of the first, second, third and fourth being such that when the first vibrator (6) is displaced in a first 
direction by input of driving signals of the same phase to the first and fourth vibration generating units, the second 
vibrator (8) is displaced in an opposite direction, and that when the first vibrator (6) is displaced backward by input 
of driving signals of the same phase to the second and third vibration generating units, the second vibrator (8) is 
displaced in the first direction. 
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